In the present work two different extraction methodologies have been developed and validated for the determination of t-octylphenol and a technical mixture of nonylphenol (both, priority substances of EU water policy) and bisphenol A (BPA) in water samples. BPA was quantified by isotope dilution mass spectrometry and isotope pattern deconvolution for the first time taking advantage of 13 C-isotopic analogues as internal standards, together with the previously studied alkylphenols. After preconcentration of the selected compounds, the samples were analyzed by ultra high pressure liquid chromatography and tandem mass spectrometry. For this purpose two extraction methodologies were proposed and compared: a routine extraction methodology based on solidphase extraction (SPE), and a non-conventional technique based on hollow fiber liquid phase microextraction (HF-LPME). The sought methodologies were satisfactorily validated for the analysis of drinking water, surface water and effluent wastewater at two concentration levels, 0.1 and 1 mg L
Introduction
Endocrine disrupting compounds (EDCs) are a group of exogenous organic compounds that are able to interfere with the normal function of the endocrine system. Some of these compounds are included in the main international aquatic regulations.
1,2 The allowed concentrations of nonylphenol (NP) and t-octylphenol (OP) in inland waters according to EU Environmental Quality Standards (EQS) 1 are 0.3 and 0.1 ng mL À1 , respectively. However, to date, there is no regulatory status for most suspected EDCs. This is a consequence of the limited understanding of their effect on the environment and on human health, for example in the case of bisphenol A (BPA). To gain full scientic knowledge of the impact of EDCs on humans and on wildlife, the occurrence, transport, and fate of these compounds should be known. 3 The analytical methodology required will involve the determination of very low concentrations of analytes in matrices of great complexity. Thus, developing reliable methods for the quantication of EDCs is still a challenge.
Nowadays there is an increasing concern about the release of EDCs into the environment. One of the main sources of this contamination are plastic materials which are characterized by their widespread use and disposal. Plastics are supposed to be inert materials that cannot interact with cells due to their large molecular size. Nevertheless, they are able to adsorb, transport and also release, when degraded or leached, smaller molecular compounds. 4 As a consequence, phenol derivates are released during all phases of the water cycle, 5 including those of increasing concern such as BPA, OP and NP. These compounds can eventually reach the trophic chain and disrupt the endocrine system of higher consumers. BPA is one of the highest volume chemicals in commerce, mainly used during the synthesis of polycarbonate plastics and epoxy resins. It is also used as an additive in other types of plastic, such as PVC. BPA is a small estrogenic monomer whose capacity to mimic various hormones is widely known.
6 Alkylphenols are mainly employed for producing alkylphenol ethoxylates, a surfactant additive widely employed in the manufacture of a variety of detergents and plastic products. Nowadays, over 80% of the global production of alkylphenols corresponds to NP mixtures while the other 20% corresponds to the monomeric compound OP. NPs enter the aquatic environment primarily via the effluents of industrial and municipal wastewater-treatment plants, but also by direct discharge such as through pesticide application. 7 Phenolic compounds have been found to contain weak estrogenic activity at mg L À1 concentration levels. Recent studies have demonstrated that branched alkyl phenols with 8-9 carbon chain lengths had the greatest estrogenic effects. 8 When analyzing EDCs at ultratrace levels in water samples, a preconcentration step is mandatory. For this reason, a wide variety of preparation techniques have been applied for the extraction and enrichment of the target compounds.
5,8-10
Nowadays, conventional procedures such as liquid-liquid extraction (LLE) or solid-phase extraction (SPE) are still the most common in routine laboratories. 10 Nevertheless, the main current extraction trends involve miniaturization, automatization and green-chemistry related approaches. Reducing the time and cost of classical SPE can be achieved by the introduction of automation and miniaturization techniques 11 while new extraction methodologies, which avoid the use of large solvent volumes and reduce the sample treatment, are being constantly developed. The most common microextraction methodologies are stir bar sorptive extraction (SBSE), 12 and solid-phase microextraction (SPME) using classical PDMS bers or the recently proposed polyethersulfone (PES) SPME tubes, which increases the extraction rate compared with previous materials. 13 In addition, other relatively new extraction procedures have been applied for the determination of EDCs, including thin-lm microextraction (TFME), 14 hollow ber liquid phase microextraction (HF-LPME) 15 and membrane assisted solvent extraction (MASE).
9
The determination of EDCs has been described using either high (or ultra high)-performance liquid chromatography (HPLC) and gas chromatography (GC)-based methods, mostly combined with mass spectrometry (MS) detectors. At present, the use of GC has been replaced by LC methods to separate EDCs, due to the rather hydrophilic character of most of them. Another advantage is that LC based methods avoid the need to perform any derivatization steps. Moreover, ultra high performance liquid chromatography (UHPLC) with tandem mass spectrometry (MS/MS) is normally preferred since it provides faster separations and is also able to achieve the sensitivity and selectivity required. 16 Nevertheless, the great majority of miniaturized extraction techniques are still combined with GC separations. There are only a few exceptions where microextraction techniques are combined with LC-MS, these include the use of ionic liquid dispersive liquid-phase microextraction (DLLME) 17 and, to a lesser extent, HF-LPME.
18
Otherwise, it has to be pointed out that the main drawback of the hyphenated technique LC-MS is its interface, normally an electrospray ionization source (ESI), which tends to suffer from matrix effects 19, 20 leading to inaccurate quantications. Matrix effects can be compensated for by means of different approaches. The most accurate way to deal with these effects during signal acquisition is by the addition of their corresponding isotopically labeled internal standard (IL-IS), as they present the same ionization behavior as analytes. 21 When selecting an IL-IS, 13 C or 15 N labelling is preferred over deuterium labelling since chromatographic isotopic effects are common in the latter case.
20
A very high number of papers have been published about the determination of EDCs. However, data comparability for these compounds is difficult. In a recent interlaboratory comparison 22 the need for robust, standardized methods to improve data quality was emphasized. This conclusion is based on the high degree of variability between methods and the high number of outliers observed, specically for BPA, NP and OP, which are regarded as especially difficult to measure accurately.
The aim of the present study was to develop a rapid, green chemistry related method for the extraction of NP, OP and BPA in water samples by means of HF-LPME and their reliable quantication, at regulated levels when available, by UHPLC-MS/MS. Also, a standard SPE was optimized for validation and comparison purposes. In addition, a quantication method based on IDMS was developed, using the corresponding isotopically 13 C-labeled analogues of each target analyte, thus correcting the matrix effect. In order to reduce the total analysis time the quantication was carried out by using isotope pattern deconvolution (IPD), which avoids the use of calibration curves. Prior to method development, a thorough study of all of the contamination sources was performed.
Experimental

Reagents and materials
Bisphenol A (BPA, purity 98.5%) was provided by Dr. Ehrenstorfer (Augsburg, Germany), 4-tert-octylphenol (OP, purity 99.0%) by Supelco (Bellefonte, PA, USA) and technical nonylphenol (NP, Pestanal, purity 95.4%) from Riedel de Haen (Seelze, Germany). In-house synthesized 13 C 1 -4-(3,6-dimethyl-3-heptyl)phenol ( 13 C 1 -NP) (purity 99% and 13 C 1 -enrichement 98%) and 13 C 1 -4-tert-octylphenol ( 13 C 1 -OP) (purity 99% and 13 C 1 -enrichement 99%) were also employed.
18,23 13 C 12 -bisphenol A (purity 98% and 13 C 12 -enrichement 99%) was purchased from Cambridge Isotope Laboratories (Andover, MA, USA). Table 1 shows the molecular formulae of the selected compounds.
Methanol, acetone, and acetonitrile (minimum HPLC quality) were provided by Scharlau (Barcelona, Spain). For the extraction, 1-octanol (reagent grade, 99%) was obtained from Sigma-Aldrich Co. (Madrid, Spain). The pH of the mobile phase was adjusted by adding ammonium hydroxide from Fluka (Buchs, Switzerland). Bottled drinking water stored in polyethylene terephthalate (PET) asks was also employed for validation purposes.
Individual stock solutions of alkylphenols and BPA were prepared by dissolving 50 mg of each, accurately weighed, in 50 mL of methanol. compounds was prepared at the same concentration level. For validation purposes, a lower concentration solution was prepared by a ten-fold dilution with methanol. All of the standard solutions were stored in amber glass bottles at À20 C in a freezer. The Accurel® Q3/2 polypropylene (PP) hollow bers (600 mm i.d., 200 mm wall thickness and 0.2 mm pore size) were obtained from Membrana (Wuppertal, Germany). The cartridges used for SPE were C18 glass SPE tube ENVI-18 (500 mg/6 mL) obtained from Supelco (Bellefonte, PA, USA), as were the PTFE SPE Tube Adapter (with female luer port), 30 mL glass syringes and the load reservoirs.
The water purication system used was a Milli-Q gradient A10 with an EDS-Pak polisher (Millipore, Bedford, MA, USA). The EDS lter enables the removal of endocrine disruptors from ultrapure water. Certied polypropylene bonded caps with PTFE/red rubber septa from Supelco (Bellefonte, PA, USA) were employed for the LC vials.
Instrumentation
An Acquity UPLC system (Waters Corp., Milford, MA, USA) coupled to a TQD (triple quadrupole) mass spectrometer was employed for sample analysis. Chromatographic separation was performed with an Acquity UPLC HSS T3 column 1.8 mm, 2.1 mm Â 100 mm (i.d.) (Waters) at a ow rate of 0.3 mL min À1 and an injection volume of 20 mL. The column was kept at 40 C and the sample manager was maintained at 5 C. The separation was performed under isocratic conditions with a mobile phase consisting of 97% methanol-water with 0.01% ammonia. The mobile phase was prepared in a volumetric ask by adding 3 mL of methanol, then the ammonia solution and nally water to a nal volume of 100 mL. Due to the expected volatility losses of NH 3 dissolved in methanol the mobile phase was prepared daily. Analysis was performed according to the following parameters: capillary voltage 3.30 kV, source and desolvation temperatures at 120 and 350 C, cone gas and desolvation ow were set at 80 and 800 L h À1 . The mass spectrometer was operated with electrospray ionization in the negative ion mode with selected reaction monitoring (SRM). MS/MS experimental conditions for the selected compounds are shown in Table 2 . The drying as well as the nebulizing gas was nitrogen, obtained from a nitrogen generator N 2 LC-MS adapted for LC-MS analyzers (Claind, Teknokroma, Barcelona, Spain). For operation in the MS/MS mode, the collision gas was argon 99.995% (Praxair, Madrid, Spain) at a pressure of approximately 4 Â 10 À3 mbar in the collision cell. Dwell times of 0.1 s per scan were chosen. MassLynx v4.1 (Waters) soware as well as homemade Excel spreadsheets were used to process the quantitative data obtained. Replicated determination (n ¼ 5) of abundances under these conditions provided good precision for the selected transitions with values of RSD always below 4%.
Preparation of water samples
Environmental samples with observable suspended particulate matter were decanted by pouring the water aer sedimentation slowly from the sample bottles into clean 1 L glass (Schott-Duran) bottles. 24 Then, 0.5 mL of the labeled mixture solution was added to a 100 mL volumetric ask, where the water sample was used to ll it and to adjust the nal volume. This resulted in a nal concentration of 0.1 mg L À1 except for 13 C 12 -BPA which was 0.5 mg L À1 . Accurate, and precise results can be obtained when the ratio of concentrations between the natural and labeled compound is in the range of 0.1 to 10, according to the random error propagation theory.
25
Recommended hollow ber liquid phase microextraction and solid-phase extraction procedures HF-LPME can be applied in a two or three-phase system. A twophase system was chosen in the present work due to the higher enrichment factors and its easier handling. 18, 26 Fibers were cut into 13 cm long pieces, cleaned by means of sonication (15 min in methanol followed by 15 min in acetone), and lled with the acceptor phase, 1-octanol (Fig. 1) , using a 100 mL HPLC microsyringe model 701N (outer diameter 0.72 mm) from Hamilton (Bonaduz, Switzerland). Aer extraction, the acceptor was transferred into an HPLC vial using an HPLC gastight syringe model 1001 (outer diameter 0.72 mm) from Hamilton (Reno, Nevada, USA). The samples in the vials were vortex homogenized.
SPE was performed using glass cartridges (Fig. 1) . Aer conditioning, 100 mL of sample were introduced by gravity using a PTFE adapter and a 30 mL reservoir. 
Cleaning procedure
The ubiquitous presence of the selected compounds in all the laboratory material, included solvents, is probably the main challenge during the determination of EDCs at very low concentration levels. For this reason, and according to our previous experience, 18,23 all of the glass material was rinsed with acetone, methanol and hexane. Compared with previous work, rinsing with hexane was also added to the cleaning procedure due to some contamination observed aer rinsing only with the other two solvents.
In the case of hollow bers and magnetic stirrers, both were rinsed with acetone and sonicated for 15 min in methanol and 15 min in acetone before use. The HPLC syringes were rinsed twice with acetone and twice with methanol between samples. Due to their low cost, the bers were discarded aer being used to decrease the memory effect and cross-contamination.
Determination of EDC by isotope pattern deconvolutionm
The isotope dilution calculation methodology applied in this work is based on the combination of multiple linear regression and the use of labeled 13 
As can be seen in eqn (1), an error vector, e SRMi , needs to be included in order to resolve the system of equations through multiple linear regression. The solutions to eqn (1) correspond to the molar fractions of natural and labeled compounds in the mixture, X nat and X lab . These can be obtained by using conventional spreadsheet soware (e.g. LINEST function of Microso Excel). Finally, the amount of natural abundance compound, N nat , can be directly calculated using eqn (2) since the added amount of labeled standard, N lab , is known.
Consequently, quantication of the EDCs does not require the use of a methodological calibration curve. It must be pointed out that the theoretical mass isotopomer distribution coming from each precursor ion has to be obtained and compared with those obtained experimentally. This is easily calculated by using the soware Isopatrn implemented by L. Ramaley and L. Cubero-Herrera. 30 This IPD methodology has been described thoroughly in previous works for both NP 23 and OP. 18 Finally, conrmation of the presence of the selected compounds was carried out by calculating the peak area ratios between the qualier (q), and the quantier transition (Q) and comparing them with ion-ratios from a reference standard (see Fig. 2 ).
Method validation
Method validation was carried out by using different spiked water samples. Accuracy by means of recovery calculation and intra-day precision through the relative standard deviation (RSD) of the method were assessed. 0.1 ng mL À1 , the EU Environmental Quality Standard (EQS) 1 for OP in inland waters, was used as the lowest validation level for OP and NP. Samples were spiked at two concentration levels: 0.1 and 1 mg L À1 for alkylphenols and 0.5 and 5 mg L À1 for BPA. Since it was not possible to obtain a true blank sample, bottled water, effluent wastewater and surface water were previously analyzed and the concentrations of the analytes found were subtracted from the spiked samples. As a consequence, higher errors in the recovery calculation were obtained. Additionally, LOD and LOQ were assessed as 3xSD and 10xSD, respectively, in non-spiked water samples whose concentration was near the LOD. All of the measurements were conducted in quadruplicate.
Results and discussion
Optimization of the chromatographic conditions
The proposed LC method was optimized to provide a simple and fast separation of BPA, OP and NP. In a rst approach, gradient conditions using C18 columns were tested, as they are known to provide better peak shapes and increasing retention for the less polar compounds. On the basis of the gradient conditions used by Jing et al., 31 different combinations of methanol-water were studied. Bearing in mind the high levels of EDCs usually contained in Milli-Q grade water, 32, 33 it was passed through an extra purication system, an EDS polisher. Nevertheless, even using treated Milli-Q water, nonylphenol was accumulated during gradient injection cycles. As a consequence, gradient conditions were nally discarded.
Therefore, isocratic conditions were also tested. Based on our previous work 18,23 different percentages of methanol-water combinations, with and without ammonia and ammonium acetate as modiers, were evaluated. The best sensitivity was reached with a mobile phase consisting of 97% methanol-water with 0.01% ammonia since the presence of NH 4 Ac negatively affected the signal of BPA. It must be highlighted that the chromatographic run was reduced to only 2 min, which considerably decreases the analysis time compared with previous developed methodologies. 5, 13, 34 Finally, and as stated before, these conditions avoid the problems of lack of precision and inaccuracy between injections compared with previously developed methodologies using gradient separation.
13 A chromatogram obtained under these conditions can be seen in Fig. 2 .
Measurement of the isotopic composition of 13 C 12 -BPA by
LC-MS/MS
As stated above, the correct quantication via IPD equations requires the accurate knowledge of the relative abundances of both the natural and isotopically labeled compounds. For this reason, abundances were experimentally measured for each analyte (both natural and labeled) by preparing individual 500 mg L À1 standards in methanol and injecting each ve times with the appropriate SRM transitions, obtained with the so-ware Isopatrn. In LC-MS/MS, the occurrence of different fragmentation mechanisms may occur simultaneously in the collision cell, and fragment ions containing different number of hydrogen atoms can overlap in the mass spectrum. 35, 36 As a consequence, the purity of the selected cluster must be evaluated, following the procedure described in previous work. 18, 23 which was calculated according to a method described elsewhere 23 and matched with the nominal enrichment provided by the manufacturer.
Optimization of the HF-LPME experimental parameters
The efficiency of the current procedure was examined by studying the extraction solvent and time, with the stirring speed set at 800 rpm. This agitation rate was selected since it was the highest value that did not result in a vortex in the sample solution. Other parameters, including the extraction pH and the amount of sodium chloride added to the sample solution were not evaluated since they normally have a low or negative inuence.
18,37
The acceptor solvent was selected by assessing the extraction of the target compounds from water samples over 30 min with octanol, diethyl ether and toluene. Octanol was preferred due to the high partition coefficient of water-octanol for the selected compounds (see Table 1 ). For each solvent, a triplicate of 100 mL of Milli-Q water fortied with the three compounds at a concentration level of 5 mg L À1 plus a blank sample were evaluated. Negligible recoveries were obtained for both diethyl ether and toluene. Thus, octanol was chosen as the acceptor phase. This solvent has the advantage of being compatible with the chromatographic conditions when diluted in methanol, thereby simplifying the sample treatment procedure. Finally, the inuence of extraction time was also tested. For this study, water samples were extracted under the optimized conditions for 15, 30 and 45 min. It was observed that 30 min provided the highest enrichment (preconcentration) factors for the three compounds in the octanol extracts: around 300 for BPA, 500 for OP and 400 for NP. 15 
Optimization of the SPE experimental parameters
Considering the results reported in previous publications 10,23 as well as possible contamination, C18 glass tube cartridges were selected due to their ability to retain non-polar compounds. The optimization was performed by evaluating four different elution solvents (methanol, acetonitrile, acetone and hexane) and collecting two consecutive fractions of 5 mL for each solvent. Then, each fraction was evaporated under a gentle stream of N 2 and nally reconstituted in 0.5 mL of methanol. The best results were obtained using 5 mL of acetonitrile as the elution solvent, which provided absolute recoveries of 78%, 68% and 59% for BPA, OP and NP, respectively.
Performance of the analytical methods: SPE vs. HF-LPME Once the SPE procedure and the HF-LPME parameters were optimized, the method validation was carried out. As no certied reference material was available for the target compounds, different spiked water samples were used to assess the accuracy by means of recovery calculation, and intra-day precision through the relative standard deviation (RSD) of the method. Three types of water samples were evaluated, bottled water, surface water and effluent wastewater. The annual average EQS for inland waters for OP 1 was chosen as the lowest concentration level to be validated for alkylphenols together with a 10-fold higher value. Thus, two concentration levels, 0.1 and 1 mg L
À1
for alkylphenols and 0.5 and 5 mg L À1 for BPA were selected.
Compared to OP and NP, the BPA levels were increased due to the high RSD obtained for HF-LPME in the preliminary experiments. For each combination of matrix-validation level, four independent replicates were analyzed within a day and injected in duplicate.
As an example of the method performance Fig. 2 illustrates the detection and conrmation of the selected compounds in a surface water sample. As stated previously, since no sample blank was found for any of the studied matrices, water samples of each matrix spiked only with the isotope labeled mixture were also processed to subtract the endogenous amount (blank value) of the target compounds. The subtraction of the blank values from fortied samples resulted in a higher lack of precision in the recovery calculation. As can be observed in Table 3 , this mostly affected the lowest validated level, especially for NP as higher blank levels were found.
The results obtained were satisfactory for BPA, OP and NP in all of the water samples, with recoveries of between 89% and 113% for HF-LPME, and between 91% and 113% for SPE. RSDs were below 16% for HF-LPME while SPE presented a maximum of 17% (Table 3) . These values are in agreement with the SANCO guideline SANCO/12571/2013 (ref. 38) which proposes RSDs # 20% and recoveries of between 70% and 120%. In both cases, the highest RSDs corresponded to NP at the lowest validated level, which is probably caused by the highest error due to the subtraction of the endogenous concentration in samples. Consequently, the extraction methodologies developed were satisfactorily validated for all of the matrices.
The limit of detection (LOD) and limit of quantication (LOQ) were estimated as 3 x SD bl and 10 x SD bl , respectively. SD bl is the standard deviation (n ¼ 4) of a non-spiked sample, for each matrix, whose concentration is near the LOD. The obtained values are presented in Table 4 together with the concentrations obtained for the three selected samples. As stated before, the maximum levels of BPA in water have not been established in any legislation. For the measurements, the labeled compounds, 13 C 12 -BPA, 13 C 1 -OP, 13 C 1 -NP, were added at the same concentration level as the added natural compounds. Both the single labeled and the uniformly labeled internal standards coeluted with their natural analogues (see Fig. A1 in ESI †), thus no chromatographic isotopic effects were observed, making it possible for them to correct for any possible matrix effects.
19,20
The analytical characteristics of both of the extraction techniques in terms of time, cost, total volume consumption and handling were also compared.
On the one hand, the selected miniaturized extraction, HF-LPME, has two main advantages: the low cost of each extraction ber (approximately 0.03 euro) and the very low solvent consumption (300 mL) which is in line with green chemistry tendencies. In addition, this method allows an average of 9 extractions in 2 hours (with the magnetic stirring set of 9 plates used in the present work). Thus, around 13 minutes are needed per sample extracted.
Alternatively, the SPE technique, in the off-line version used in this work (12 position), is a very simple, transferable and accurate extraction methodology which has been widely tested. This approach can be much easier to apply. The disadvantages of this methodology are the high price per SPE glass cartridge (around 7 euros each), the higher volume consumption (9.5 mL of organic solvent per sample) and the longer sample treatment time. It is a tedious extraction and permits, approximately, a maximum of 20 extracted samples per 8 h-working day, (8) 103 (8) 111 (8) 102 (8) resulting in an average extraction time of 24 minutes per sample. It has to be pointed out that if only 10 samples are extracted, the total time per sample will be increased, making it a laborious procedure. Conrmation of the possible ndings was carried out by calculating the peak area ratios between the conrmation transition (underneath the quantier transition in Table 2 ) and the quantier (in bold in the same table) and by comparing them with the ion-ratio calculated from a reference standard (Fig. 2) . Maximum deviations accepted in q/Q ratios (30%) were based on guideline SANCO/12571/2013. 38 Finally, all of the SRM transitions, employed for IPD calculations as well as the conrmation transitions for BPA, OP and NP, could be acquired simultaneously at this low level for all of the analytes. This makes it possible to quantify and conrm the selected analytes with a high level of condence in a single injection.
Conclusions
In this work, an HF-LPME method for UHPLC-MS/MS has been demonstrated to be quick and reliable. It is suitable for the simultaneous determination of BPA, OP and NP with high sensitivity, high enrichment factors and good sample clean-up ability in complex matrices. No derivatization step is required and analytes can be separated in a 2 minute run. The proposed extraction procedure is performed in only 30 min, which is a great advantage compared with other microextraction techniques which normally require longer extraction times (e.g. SBSE or SPME). Moreover, the very low solvent consumption, 300 mL only, is in line with current green chemistry tendencies.
Regarding separation, isocratic conditions with a mobile phase consisting of 97% methanol-water with 0.01% ammonia provided the best sensitivity. The chromatographic run was reduced to only 2 min, and problems related to NP contamination compared with other developed methodologies using gradient conditions were avoided.
IPD calculations have been proven to be reliable and also fast, providing one result per sample injection. Multiple linear regression has the advantage that methodological calibration curves are no longer needed, thus reducing the total analysis time. Quantication methodology, based on IDMS through 13 Clabeled compounds, effectively compensate for any possible matrix effects while avoiding problems related to isotopic effects.
Comparable results in terms of precision and accuracy have been observed for both of the extraction methodologies tested, classical SPE and HF-LPME. Extraction using disposable hollow-bers with octanol as the acceptor phase has been proven to be faster and cheaper. However, preparation of the bers and withdrawal of the acceptor phase can be complicated. Finally, although more lengthy, the SPE method is highlighted for its ease of use. 
